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Effect of Chemical Composition on Season Cracking of Metastable

Austenitic Stainless Steel

Synopsis

Kazuo HosHINO

Effects of chemical composition on season cracking, which occurs in metastable austenitic stainless
steel after deep drawing, were studied. The main results obtained in this study are as follows.
1) The sensitivity to season cracking is not determined only by the volume fraction of strain-induced
martensite. It is affected by chemical composition. The effects of chemical composition on hardening
martensite and injuring the toughness of it are most related to the sensitivity to season cracking.
2) This relation is introduced by the behaviors of K/agy 2 vs. gg.2, which are measured in 609, cold

rolled materials.

3) Carbon and phosphorus are very harmfull and nitrogen is harmless compared with carbon.
4) Addition of silicon and aluminum is of use in preventing season cracking.
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Table 1. Chemical composition, Hcontent and austenitic stability index of specimen.

I : ' | ] : !
S . No. *‘L Type lL G | Si Ma | P S | Cr Ni | Cu N ‘H(ppm)bf;ilue***
b | i i : f i
RID'  SUS301 | 0.10, 0.55) 1.000 0.029 0.011;’E 16.73]  7.23° —** 0.022 —*% 30.2
R2D ' SUS30l 0.1t 0.57/ 0.99) 0.026 0.009 17.200 7.58 — | 0.02 0.9  4.00
R3D  Armco 300  0.10 0.09 1.59 0.026 0.0l10 18.17] 6.47 2.14' 0.03, — | 0.17
R4D ' Armco 300 ; 0.06 0.46 1.40 0.031 0.008 17.12, 6.37 2.06: 0.06 1.3 2.10
R5D SUS304 0.08/ 0.58 1.10) 0.021) 0.009 18.36] 8.98 — | 0.02 1.0  0.17
R6D ; SUS304 0.08/ 0.59) 1.13 0.030 0.009 18.36) 9.00 0.07 | 0.02 1.2 0.21
R7D  SUS304 0.07/ 0.58/ 1.24) 0.028 0.010, 18.69  9.07 0.10 | 0.0 0.9, 0.17
R8D: SUS304 0.04 0.55 1.14 0.025] 0.0090 18.54f 9.07 0.21 | 0.0, — , 0.56
R9B | SUS304 0.07, 0.46/ 1.121 0.026) 0.0100 18.63) 8.98 0.10 | 0.02 5.8/ 0.18
R10B | SUS304 | 0.05 0.53 1.05 0.029) 0.009 19.16) 8.78 0.07 | 0.02 6.3| 0.80
RI1ID | SUS305 | 0.04 0.82 3.19° 0.021' 0.01} 16.64 11.76 — | 0.020 — —
S1 S U S304 0.07] 0.44/ 1.0, 0.013 0.010 17.72f 9.14 — | 0.03 — ., 0.20
S 2 S U S 304 0.06; 0.44' 0.90/ 0.013 0.010 17.24f 959 — | 0.02) — ;| 0.10
S3 high C 0.09] 0.42 0.93 0.012 0.009 17.55 8.090 — | 0.02 — 0.72
S4 |LowQG, high N| 0.0l 0.45 0.92/ 0.014 0.009 18.05| 8.200 — | 0.07] — 6.00
S5 high N 0.06/ 0.41) 1.190 0.011f 0.010 18.01| 7.95 — | 0.07] — 0.80
S6 P addition | 0.06/ 0.44 0.95 0.032] 0.0100 17.72 8.97 — | 0.0 — 0.48
S 7 Si addition | 0.06/ 2.76/ 0.95 0.009] 0.008 18.4l1] 10.95 — | 0.02 — 0.0l
S8 Si addition | 0.08 2.60, 0.79 0.013] 0.006 17.72 9.40, — | 0.02 — 0.52
S9 Al addition | 0.06; 0.52 0.98 0.011] 0.011} 16.73] 9.00, — | 0.02 — 2.15

* R series: Commercial steels. S series: melted by means of high induction furnace under air atmosphere.

**  Not analyzed.

*E V1=~ Vy=AeB, where Vy: volume fraction of martensite, e: strain and B: constant (2.5).
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Fig. 15 Dimension of drawing apparatus used for
deep drawing.
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Fig. 2. Dimension of single-edge-notched specimen
used in measuring K value.

re ~-—® Circumferential direction
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Drawing ratio

Fig. 3. Relation between strain and drawing
ratio. Strains of radial and circum-
ferential directions are tension and
compression, respectively.
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Fig. 4. Relation between austenite stability 4
and limited drawing ratio in season crack-
ing, RIID is not cracked at drawing ratio,
2.86, and more severe drawing is failed
by a breakage.
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Fig. 5. Relation between volume fraction of marten-
site produced at the tip of cup and limited
value of drawing. Number in bracket indicates
Vicker’s hardness at the tip of cup.
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| M Roliing direction ||

R8D R9B
Photo. 1. Typical season cracking. Drawing ratio
is 3.10.
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TD, BEDX ST a B VERENIRREL D
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PEDESED o EBERLTYWS. LishoT, B
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Wb, RHAZINIRRE Dt & DBERIZIE>Z Y Lty
2%, WA OFE 4 L7ci S T S 13 Hv=400~425
DEICH 5. v AOKEN SUS305 1289 1t 2.86 ¢
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HRPEATEY, SMENETET S HEOLEHE
FRIVEHTHE 22 5.
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BETSH. Lrl, ZoFEMEEZG (10-+mmHg) ©
EEst (1050°C x 5 min) LzkZE% 0.2 ppm ¥ T
SHTH, VNFEERIIDMEM LR L X Stk 525, K
HIRINIR AL D Holc B bos i D de. LiepsoT, &
O b OKBEORMAEINIRRL Y Hic RITT28 35
EFORELLWTHAS.
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Al ZE R X CBEER T —TH 5 5 LiTEEho
—ODEHELTEXONBZEZIGEHITE—HAhL
Twoizd, BHHRORET HIRETO®E Y RGO
FUREIT IR LA 2V, L7zdsoT, X Wil sk
L ohiEi bk,

T T, SHEOMENTH HH LB HIFEZHELT,
FREINERRIZ 0 L TOMBERKEZBE S %z, 20l
&, FEEY LT & ARMEE TR DN BSREL 57

Table 2. Mechanical properties and volume fraction of martensite of cold rolled materials and drawing.

2.0mm cold rolled materials ﬂ drawing

Hv | Mar ‘ do.z : 0B : K :“aitniloit?g g;i‘g;ng h Hv | Mar.

(30) * (%) “ (kg/mm?) ° (kg/mm?)  (kg/mm?2) cracking (30) t (%)
s1 | 450 48 149 162 530 2.86~3. 10 446% . 45+
S2 | 442 45 149 | 158 551 | >3.10 425% 44%
S3 | 507! 63 172 184 382 | 2.03 463 45
S4 | 4121 72 141 | 148 534 | >3.10 409% | 70%
S5 | 484 55 165 y 173 497 | 2.41 452 | 43
S6 | 460 | 56 151 ! 163 458 2.41~.2.61 430 J 46
S7 | 409 13 134 | 149 606 >3.10 " 409% | 14%
S8 | 465 & 48 164 | 175 582 2.86 | 464 39
SO | 399 44 125 132 562 2.86~3.10 | 400* 56%*

* Hardness and volume fraction of martensite are measured at drawing ratio 3,10,
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Fig. 6. Relation between limited drawing ratio in
season cracking and K/gy., for S series’

alloys.
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Fig. 7. Relation between K/g, 5 and ggp for cold
rolled materials.
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Fig. 6w IRRL O b E Koo EDBELREIR
L7 Hihx K{iE T K/ooe E LDV, RSN
EEEINR R D T TIMT I e bERE & #4#
DL OMIE{LERIC LD TEE SO BHCHIDOD LT
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Cracking time {min)

Fig. 8. Delayed cracking curves for cold rolled mate-
rials. Symbols of arrow (—) mean that speci-
mens were not cracked during testing.
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Wk 7z K/ 6oz & do.2 EDARLIT X —FHLTWS.
S1,S82 it 6LR_NESRILES, C, NOFFHETI
S1,S2 X W HSBOBAMTEEEATYVS S5XS],
S2 X 0 HEMEEE VA, Kl 13 CGn HBETDD,
go2 KT L ELK K/ag.z HIMEW & EB /A% {&GCT
NZ&F LS4 dEhanfibicdsb. CEDE S3
1Y 602 BNEL, TOHWEDOD & TIX K/gor DPELLIE
v, PRHBCHRMLAS6 L x0EEIEL K/ 002 B2
&S @ B Eicd s, Al 2 L7 SO SRRV 23
m S Licdd. St 2EMLIA S6, 87 WaEt L
K/oer VIEWEEZTRL, @ BECHD.

Fig. 813, BEMPSBABECH L, EOX55ER
B L LR LAEDOTHE. MbcfBliciELicd D
DAV FRT 2 v FECRERCER Lo & F CHEE
ME R L. ARFER, MR X TKEPRED
DT, KeEiEr LTERLAL. S31x S1 X 0EBNRE
IR AL, S8, S9 7 XISl X DENRERIRED
BV E7o, MEBROFEOKEXS] OLTHRELA
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(Drawing ratio is 3.10)

S1

(Load normalized by K is 0.8 )

Photo. 2. Fractographs of season cracking and delayed cracking.
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HEELCHY, FUBHOBLMETSSS.

4. £ g

41 BHIAINOMYPAREZRT ZIER

RFHEIOGE, MBRORALZFETLLDL L
TRAPDFRERISE V& 2 5hisv. Fig. 8 O3F
NPEERB TR Lc X 51, S0 RERCHEXN S
HIRRZ OBNBEORE I KE B e BELT W5
ZEDBRLITHS. LrL, FEFBREDX > LR
DH EIBAREREE LT B 0EI TR

BESE, &L RO 0.5%NaCl gk
ICIRETT 5 2 & THIEZ U A TG L, Mo, N 1Zf{FL
BYUEZMLEI T, oM ENTHSD E LT
VB Fhbb, BN A MEHCLE T ) — FR
JCBDIENBEREE B LCTWB L9 THS. o HOE
BShicr RAF UV VAHIO 7 7 — FEIER ORNEE
& LG HeS %fafnL7c 3 %NaCl igirhcodihd i@
HEIh T 50,

—75, SCHALLER 513, Y RIEFOEBIME LI
Frdk U 2 8=, WNET 5KEBIC X 5Bhpis
THLHLEIHERLTWB. Zh EF UES Fig. 8 08
hWEHBIC S WTDEERIA L. Thbb, /v FE
EETh R BT LR VWIS, Rk 5B R
LSR5y, BhygErodolais 5.

LIZTLYFEOTV5HEE DR ¢, | ppmiaTig
DRFEEZRE L, TOREEXNET S r BiImIiz Lo
T—# o BFERINLRKETILLS. KER{LEES

DHDITIENENRERA LD, o T KEDHA
HORESARE W, AESEHLRT VS 210, B
X DOTCEHEHOWT KM 5k, 7 #HE o ME DMER,
T LT o' HHEWK) PSR LTED, o HETIEKERR
ERENZ WD, HRKKELXBHCHET S L%
bbb, FhkED o HOEBZ ALY —2ETX
BELBIRIMBEH L, o MO BRI TV5 EZOM
PHCARREMREF S REC R DTV E L ZLRE.
£, S~Tppm DKFEEFEDET S BA WIFH OB
HNDJEREN DRI & H 1L < B 2 L2 Photo. 1
TRL/c. FREr FAT 2 LAHO B AWM RH
I DV T, BRESSANELLI LOWEBHE., ZOH
E1x, SUS30L o> B AMEH ORI O UEM: DK T % 4%
LTWBETERWDY, bEAERT CRBFRINA o
MRCARFERAES R D, ZDfEtic X O TEMED KT
EREN/ T L BL OWIREL SHEEIL 5 5. e
B BALBC XoT BibE3NiokEN, o HOKM
IANF -2 TFTER[EIEASEL DD LEFEZZON, B
AL ORI NOBREBRT b LKV RLDH 5
P 5EAMCE SNSRI 2TV 3BT, KEOETE
ZANF—KTERIZ X 5 o HEKOK{LSEZICE
bhiclcd EE N5, Zhis SUS301 @ B A it
DIEERR -3 FNBI X OTESCEEEXNSE 2 &
B AREMAFIZEEML 0.2ppm ¥ T KEF K S
WHE, WREEEDLEM LRI Scksdo iy
POHELYBTHAHS.

R, MR TETSL0 L LTEY REROMN
R ENET BKREOEELRE X 5N, Hikimod) Rz
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Fig. 9. Method for stress release. (a) Stress in

radial direction is released. (b) Stress in
circumferential direction is released.

HiET HKkFICL O, HRUMEZELLELTHZ L
REMELTVS.
4.2 BHPSNICRETERBEHORE
BHELSE TS50 LTHRENIBH 52, &
ZTEDHFOT W SRR T D KBS OEYIG T
MERNOER L LD EFEZILND. FASEYHEICX
DT HFREFH M DI T 23Kk D 200 kg/mm? &\ S {E%
A& LTV HA, BN IEERO» » FEimoilix
X Hv=400~460 BETH D, O & SFEOBIEHM
OBREX &R IEXE L&D v TRIEOT SRR X1
&< Cdh 160 kg/mm? RETH L. Fi, Fig. SR
T XS RFET, MARKMD D WIFERHMOISND E
Hhh—HEOENERBILTLES & 2o RIT
FokKELEWT L, Fi, Photo. | DEINFZREH S
3t LTMIC i 2T B 2 & 8K 0 KB TOME OifE)
2 SHINT LT, AREH MO NOTE— b +5% X 5
N5, Lich 2 THEERFMOEEICNOH TR L, Bh
REEL LT SWIENEEETNETHSHS. S HITKE
N DOFE RIS OFER VY RELOBETH D
Z OO < AL D EL L DT
5 ELEFEOENAREN R DATHS Z LTS
ho. L, StchixEribLrvwesdbic, B
YT CHlE LB N ER S oREOEW,E LD
PARETH L. BN E LCHEMEBRICNE S X,
IREZX OO 3dmiEr 4726 LAaRBREEREBRD
EEMUI K CEAEL LETR LA, HESUcmEmEz
EMGHDIEN LI LTRTT 5 &, LS 1o
ENEEEIR S ¢ 35 kg/mm?2 2D X S A3 GV E
ElB.

2&%, S8S IRHWYAIEATRIFHRNE &
Clvdizat LZoEH T TlaEBBE RIS Z &0
55T, YIRET X BIENOEFETEEOK Y B

FOHLREVEEZLN, 22 5{8WE RS I T THEEE
BELELOEEZILNRS.

RS XM XL 2> T2 5K E&LO r 18, a'f8
OREIENEZE L, B v FEmIio e LT 50
kg/mm2 EWHEEZHELTED®, ZhrbATHLE
BRGNP/ DRV EZE LS.

43 BHINCRIIIRIOEE
CORNBEERE M W ECT AN & LRSS
L, MEBRER E2HF 6N DA, I LWEE LT

Lizh Tl v, (b4 7- & 21E EicHELMAN 5
DEBRKNTERLIND X S 7@z DMK HBE NI
BTxDE D Ms Sa@Ennitng, Ticb btz
B2 T o B rhl HvniEshTt<s,r i)
ATHEIC R JET. o EDSNT PERREIC
By 5. 7, llexobFERSWRE VTSI 7 48, «a
MO E % T H LI ERRE I R E T 5.

RERTHEI LA X 51, —fRIC r MBI L E THIMZE
T X2 THEED o FALERI NS Z ORI
NIRFZ S K E VW LoD T, o FHOMEMEL
2D, FDELDOIHR TG U HhLh D7

W, r MlE o MEDORT RO X D RERIDK
DNizmDdE¥T5.

o2=0atoyu=05%-Vat+ol-Vu

LT, Go2 VERIEMDMNTHY, 04, om v 4,
' FDOZFE2IEN, 0% ok LUy A, B o AH
DIEE, Va, Vuldr M, o MOKREELRT. o &
L TRUDO®WLEEM O 1% K L, C, N, Si, Al
DI I BUE$5h R 220 #IE LT &AM 6 &
L, ok #kd7z. 2D 6% & o4 DfE% Table 3 TR
T. Ak, STRAD o ELOLLTRGAASERL X
e &3 X THE .

ORI DCEDIZIFESE LYV S, S2 85X UCHgEHs
HLL PR LERMENRTVS S6 D of BITIFHL
. P, bee ZMEIOMNEHIF D LS THB253,
S1,82 & S6 @3 200 ppm REXDT o WX DR
ERWbhsrobFEz 25, S1, 82 XL EFCH
DEVS 3D o5 XS, S20FNE D LE . CaAl

¥ O -T2, FNEBHPREOHRSTCRICITF 2 v 2 L
TW5d, »ABENZATHELEEVAS.

Table 3. Strength of austenite and martensite of S

series.
Sample IR11] | | lenlal
Ro. |D |S15783) 54 85156:575859
174 [} i B i
o, 113113[113114'113.5114.5/113[1161 161 14
o j . i : ! yj -
(0ejmmay | —188190206152 1207 1187 215159
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666 & & ]

% 63 &£ (1977) W55

SI,82 t@UL©T, NEBEWwSSD ok 1S 30¥h
LEFERLTHY, NOwrFr 44 FaE~DEST
ClrlfRa{hwy. ZoB&E, C, NOFHEMTFE
RLCTC, NEFEEBRFRELTWSS 12540 6%
CABLILTWS. Si2FHEMLAES 8D 6% 13w, S
L LRETFCENH WD, SSOCHIILI LR K
W ST a RMEOE IR LR S8 E55EE D b,
BT EKRBEBEANZIVF 34 bOHNEE 7 kg/mm?
/Wt%S1 ERE 8D LB T, S8 % 1k Si
DENRBBRbRTWEEEZ2SE. —F, RLZ7=54 b
T x—w—ThHd Al X off #ELLEKTIELETWS
»% bee FMBOMW N RIETEIR® E FtTH s, =
DHEEHIHE S TRV,

BLED X ST LERSEHBA SRR T o« % i
THEPK, o ZOXETH. ZDa BEDELE off
DRNED PP HFROMEBEEARELTWS. K{HIX
MRBECERET S 05, Dl & bbbk i3s
MERIC X OTHIREND o' 51 & o HOBEL 2N L
THHEBEECRES L, ZOMEREER ML T K/6o2 1T
B53 5. Al d=vFo ¥4 FlaERERSE, #p
FEE ERE LD Kooz i3 LEShCEIL 25
X OBEKYE TN K/oe2 Z LR SH5HEIRER D
7oisv. NI o' fHOREY LRSI E 5, TR
CXHd/hal, MEEECEETIESLCI DB/
SV Ei, MEBEE L RUVERBREIZE T, <K
K/oo, CEEERIES . LrL, C, P, Si o%h
R SLTEHTHS.

Cix o' HEMNLTHHGEEL ERX®58, F0ik
BB WTEILK K/6e, RIETXHE5. ZOERI,
BEANZ VT 9 A4 FFRB ORI BIET CoMER
L, BHTHBAILS>%. PRMBBECHLTSEAY
HEHERIELTwewd, K/oe, #IKTIE3. o
HEVE, PRB< bY v s 2% {bX & 50 e g% it
ELDDLEWSHIDCHHALSS. Sik o' 8, 748
OWMEFTAL, BLEAEZHEL, %EL LRIE 520,
LDBECRVTE K/og, Zhieb L TWS.

LD DEBITRC Kfges #D LU
¥R, MORERRTE, ToEod o o &, 7
2, 04, of WXDOTPF2MBBE TR CLREN%
EY5. —F, BEGNII OB HCEELTWS 5
D, BB TR, ERBCI>TBRYRINER
5EBIEEINTDSTHS. 2D K/ge, DIED KD
RFIEINIR AL Dl &G L7 2 2% K/0o2 DEWH
FHE EBNERERMR N Z 220 5, ik Li{b2Ems
DEFIRPENRAR LT OIDODHEMTH B LE X LN

5. i, BHEENCHWTIE Ko TibLEET
HTBIENIEAREROKE X, TOHIERZHZ S
{EELTWB EEZLNS.
ZDESHBRFITICE, SHFOEHER S1, S22
RFRD SUS04 iz E N TREAHINIRTZ Y kw2 &
%, RF%E® Armco300 % SUS304 17 s\ TR NR R
OIS TR 5 2 DX, o' R LB
FNEZ O BGS RETHL O B R BEL S
5. 81,82 X RFD SUS304 L Cli PORDOENEHE
L9%. A7 LRENE Cr 248 F T 5 7 o4E5kix 2159
BEO% EOHIWIR DR Y VIR AIRET, THIRO—AR87
SUS304 RRFICR LIS X 51z, Pix 300ppm jite %
TELEhTWv5. —%, S1,S82 @ Pyx 130ppm T
9, 150~200 ppm DERHBH. TOEFBLLISES ]
LS O6DETHYTS. Lo, Fig. 7X b, K/agp.2
THI0.DEMRFRENS. ZD K/og, DE% Fig. 6
KHTIED S LRFBHNRRL D bt VT 0.4 D%
TEEY, S1oRREHNIERZVHIIR6D, R7D
LFBELRS. ¥, RIDIIrHSKRETHD, B
HENRA R D LLOBE SRS XN ETO o BT
Aigvds, CEISBVWIENDL, a HLOLDODBE
B iad &b, CHifbic RIETHERH. X
SRR AN EIC Si MEW D, FORED
a' EPLFEINDIRIE, WHIENC T Btk
V. R4Di, NZ2EFLTWLHRCENEND a
#HB S W IR AR Z 3¢, R8D,R10B
v SUS304 i ClE y IBSFLET o ESLENEE
CHRLTVEH, CEMEVD o' HDOBEMSEL,
FXDLDOYEE BRI N TREHEINIRERE 0 e
HwbDEFELLNS 7/, R5D ixR%ETo SUS304
FTRCEIFE VA, PHREEMERVOT, REENRR
R HERBVWEEZLNS.
44 BRPIANORHLICIDNT
DEDz iy o EBIET5H5EE LT,
WAWSDFEENE X LR S.
(1)HigmERETs s VR ERENS
HEiEimEESiclETH T &k oT, BhoBRIR
ZELLELALYS. L2 L, EBoBTRRERES
HigHEELBREkTHZ ERXTERITHS. 70,
RET SKERLHAROBEREIC X DRIEDD, #)
HBROFEZE DL IMHT B Z LEIFRTEETH 5.
(2)RBENEEED D VITLBET S L : i
DR &G & \ELPCEM L TERYESNEREL
TLESD, HE2VIRRERTEL T CICHML, B
HIENEERIED. ZOFEIBRYEGHOLR TR,
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HEEF AT F1 P RATF VIV ABOBYHAENhZRETILERS>OFR 667

LUTHSIR AR TH S, COFRIIBE, IFHICHE
REOYBEEEHBLTYS 22— —CEEEHAZIhTW3
2%, BT, T LU I oTEkR T SERIELE
HEDHEHB A MR LD, BEHTEOREKL
TEMELEETE.

()OO D 2MEI 2 R T2 2L - D
EARGIFEER, 2L 2ESUSB DX 57k r D%
ERMEEZRLETS L THDHA, SUSI jxé&F Ni
BAEEWED, ME 31X boLFEIAhh IV 7
MMORELMHFNIFEmOT 20RO BN KT T5*
DT, 2—-F—-TFWTERASI Y. 85613, &
DREZHI>DDOE LT, KCT Si IMULAAREE 7
AT LUARBREBLTCWVWSS., CE2EBETT5C &
T o HOBEXRREEEELHICCD Koy TR
ETHELRRSEDZ L, S RMCE DT K/ap2 1T
g+ SioFREEZFATS & & D o HRERED
L EE R AT R LR etk T bz (il <3 T
FEHOT AR OEFA R M X5 LA ERLAED
DTH5S.

7t ds, SUS304 ZHC POV MBI &EEhCHBN, T
DX STAHISEDIN b ABLEMAEFHR AL DN S
MrOBAZES £ 7o B,

5. X & )

HERES —AF F 4 FRA T LAROER D FIEGH
CHRAT B/ RN OFRE L H ST B odic, SUS
301, Armco 300, SUS 304 DESHRINELERIETD o
B, B3I onwTH{<i. ZoEREE2b Lt LTG, N,
POEFRZZES MBS IO S, Al Z@mL 7
b RBRIBE L. RRBE LB oOREIRE
A WM OIS NIE KR OE D SRFT LIRD HSEAL
T L.

(1) BghoRALFERIC o BEFSLTVS. L
L, FERENEZMHR o« BROXNTREELT, b
HERSH o L EDXSRFEEZRFELTWENICK
DTEES.

(2) RRS SIS T L 2=t 038 T ke (b
U7t le E KA (K/oo.2) OFINTEED. Koo @
K E WATEHIRANE R A 38l .

(3) Ci¥ o' FAOBEAF L EASED S 2L, &
LT o BOMRILEREL, FHECHELTRETHS.

(4) PRa'HHOM{L2E LR LAZELTLETHD
(5) Siid o« HOMEE LA ST 55, HETHRIHC
* CORZRE Fig. 5 @ SUSIS @ « pfES e LTHLOIL TS,

ERL, FRATTETHD.
(6) Nig o HOMBEL EASEDH, ClaLLoR
s, BERX LRIELIHTZTFEETHD.
(7) AliZ o' HOBEEET &, MEOMELZ
L5OTHEHMRETETHS.
AR O KB HERE L CE FSFHRSIRRRER, HHIIE
RICE#HB L E T
X [
1) #IREM 19 £ FRKMLESEE, 8
(1963), p. 91 [EFITEF K]
2) D. C. Lubwicson and J. A. Bercer: JISI, 207
(1969), p. 63
3) 2Bk, FRERK, /MIKIA: BHEBERE
29(1973), p. 26
4) A. M. SurLivan: Mat. Res. Stand., 4 (1964),
p. 20
5) C. P. LarorTE: Technical Document News, No.
1752-30, (1967)
6) 72k x 1, WEHAE: BROWHY, (1952), p.
137 [/hige T3 AR AED
7) -2 xf, A. S. TeTELmaN and 4. J. McEviLy,
BAR: W&ok & s, 1(1970), p. 129
(55 HAE]
8) H. Liesowrrz: Fracture, vol. 1 (1968), p. 331
[Academic Press]
9) MME=, FHMEE, FBRE—, BENE: B
AR 50-5646
10) E. H. Puerps and R. B. Bears: 1 st International
Congress on Metallic Corrosion. (1962), p. 319
1) F. W. ScHAaLLER, T. E. Scumip and E. SNAPE:
Sheet Metal Ind., 49(1972), p. 621
12) 722 24, ASHEE: 2 m, 60(1974),p.138
13) =y . =2 . Fr—-X, .. F.5.~-VV, B-
viBEHR: &BokERYE, (1967), p. 13
14) M. Smiarowski: Hydrogen in Steel, (1962), p.
25 [Percamon Press]
15) N. J. Percu: JISI, 182(1956), p. 389
16) J. P. BressaNeLLl and A. Moskowirz: Trans.
ASM, 58(1965), p. 499
17) £ RFE, WINEE, REM, KFE#Hz: &L,
60(1974), p. 311
18) 7HMb— 3, &, MPRS: B, 24(1975), p. 29
19) G. H. EicHeLMAN and F. C. Harr: Trans. ASM,
45(1953), p. 77
20) F. B. PickeriNG: Toward Improved Ductility
and Toughness, (1971), p. 9
21) B2k g &8, 62(1976), S362
22) W. P. Rees, P. B. Hopkins and H. R. TipPLER:
JISI, 177(1954), p. 93
23) C. E. Lacy and M. GensaMer: Trans. ASM, 32
(1944), p. 88
24) B2k, BHE®R: kEER
25) = xiE, £BEE (BEE&B¥4L®\), (1962),
p. #8, [hE]
26) BmREw T, FFESN, KTk, FTHIES: &&
#4, 61(1975), S530
27) EFfk: Wi LT, 16(1975), p. 993

28) BRI EX, BEHMOE, FEEWKE, HNFE: K
ESEE 49-130309, US Patent No. 3910788,
British Patent No. 1419736

— 107 —



